INTRODUCTION
============

Many empirical studies have reported socioeconomic inequalities in mortality in Korea. Although there are differences in the size and pattern of mortality inequalities depending on the cause of death, research results consistently show that the lower the socioeconomic position (SEP), the higher the risk of total mortality regardless of age and sex \[[@B1]-[@B5]\]. In 2005, the risk of death for 20- to 64-year-olds with an elementary school education or less was significantly greater than for those with an undergraduate education or more: 6.3 times higher among men, and 4.9 times higher among women \[[@B6]\]. In order to improve socioeconomic health inequalities, more aggressive strategic intervention is required, and various strategies are being tried in the United Kingdom, Sweden, and the Netherlands \[[@B7],[@B8]\]. In Korea, since 2005, \"enhancement of health equity\" along with \"extension of healthy life expectancy\" has been suggested as an overarching goal of the Ministry of Health and Welfare based on a 2003 report titled Health Plan 2010 \[[@B9]\]. However, specific strategies or assignment selection are not sufficient to achieve this goal.

In order to effectively decrease socioeconomic inequalities in mortality, it is important to acknowledge how much various causes of death contribute to the socioeconomic mortality inequalities \[[@B10]-[@B12]\]. Research on the contribution of causes of death to total inequalities in mortality can suggest a basis for specific intervention points. However, there are few studies that shed light on this topic \[[@B13]\]. Although a recent report did assess the contribution of causes of death to mortality inequalities in Korea, the study could neither include the entire Korean population nor address long-term tendencies \[[@B13]\].

In Western countries, many studies have investigated the contribution of causes of death to socioeconomic inequalities in mortality. Kunst et al. \[[@B12]\] showed that the contribution of ischemic heart disease was substantial in northern European countries such as England, Wales, Ireland, Finland, Sweden, Norway, Denmark, and so on, but not in southern European a Mediterranean countries. This difference is referred to as the north-south gradient. Huisman et al. \[[@B11]\] found the contribution of cardiovascular disease to total death inequality by education to be high in eight countries as well. Even in the research done by Scania of Sweden, cardiovascular disease inequality accounted for more than 50% of the differential in total deaths \[[@B10]\]. Mackenbach et al. \[[@B14]\] stated that unlike in northern European countries, cancer makes a large contribution in southern European countries, and accidents make a large contribution in Eastern Europe. Research on the New Zealand population \[[@B15]\] showed a greater contribution by cardiovascular disease and a lower contribution by cancer.

Because the contributions of various causes of death to total deaths in Korea are different than in other countries, it is predicted that the contribution of causes of death to socioeconomic inequalities is also different. This study aimed to analyze long-term trends in the contribution of each cause of death to socioeconomic inequalities in all-cause mortality among Korean adults, using absolute and relative inequality measures.

METHODS
=======

I. Research Data and Subjects
-----------------------------

This study utilized death certificate data and the national census data provided by the National Statistical Office. In order to explore the trends from 1990 to 2004, the authors used death data from all of those years, inclusive, as well as census data from the years 1990, 1995, and 2000. The subjects were divided into two age groups- 25-44 years old and 45-64 years old-based on their ages when the national census took place. Excluding those whose level of education and age are unknown, the 25 - 44 age group during this period included a total of 46 217 823 people (50.7% men and 49.3% women), and the 45-64 age group consisted of 23 950 067 people (48.9% men and 51.1% women). Deaths in the 25-44 age group between 1990 and 2004 totaled 415 399 (73.5% men and 26.5% women), while deaths in the 45-64 age group totaled 999 888 (70.3% men and 29.7% women).

II. SEP Indicator
-----------------

Level of education was used as the SEP indicator. Because the levels of education in the death data between 1990 and 1992 were marked as \"nonattendance\" \"elementary school graduate\" \"middle and high school graduate\" and \"college or higher\" only, we could not distinguish between middle school-only graduates and high school graduates. Therefore, the subjects in this study are classified as \"elementary school graduate or less\" \"middle school or high school graduate\" and \"college graduate or higher.\" Occupational class could be considered an SEP indicator, but the index of accordance for occupation information between census data and death data turned out to be lower than that for level of education \[[@B16]\].

III. Statistical Analysis
-------------------------

### A) Mortality rates

In order to calculate the mortality rate, the population of a given age group recorded in a given census year (1990, 1995, and 2000) was the denominator, and the number of people who died in the succeeding 5-year period among those who had been of the relevant age in the census year was the numerator. This method has been applied in previous reports \[[@B4],[@B17]\] in order to reduce the risk of numerator-denominator bias. The mortality rate was calculated based on direct standardization methods; the national population from the census of the year 2005 data was set up as standard population; and the time periods were defined as 1990-1994, 1995-1999, and 2000-2004 based on the death data by gender. The confidence interval was estimated assuming a Poisson distribution of death cases.

Age-adjusted mortality rates by gender for main causes of death were also calculated. The causes of death in the death data are coded according to the Korean Standard Classification of Diseases. Based on a previous report \[[@B4]\], 12 causes of death with a high mortality rate (11 causes for men, and 12 causes for women) were selected after classifying them based on middle classification (3 units). Terms for the causes of death in the Korean Standard Classification of Diseases and those of this study were used for convenience, as organized in [Table 1](#T1){ref-type="table"}.

### B) Socioeconomic inequalities in mortality

In order to evaluate the extent of socioeconomic inequalities in mortality, the slope index of inequality (SII) and the relative index of inequality (RII) were calculated. The SII is a slope of regression line that was obtained by mapping the death rate onto the middle value of each group\'s population size after arranging the population from lower to higher by SEP. The middle value of each population size was calculated after setting the total population size as 1 and was converted into an accumulated value. The SII indicates the absolute health gap between the person of hypothetically lowest rank and highest rank. For example, if the SII is 100 people per every 100 000 people, the absolute difference in risk of death between those with the lowest SEP and those with the highest is 100 people out of 100000. The RII is conceptualized as a value obtained by dividing the death rate value of the highest SEP case with the death rate value of the lowest case on the same regression line as the SII. If the RII is 3, then that means death risk among people with the lowest SEP is 3 times higher than that of people with the highest SEP. In this research, with the currently used methods as a reference \[[@B15]\], regression analysis was used after applying the age-adjusted death rate value into the middle value of each SEP group, and the SII was calculated by figuring out the slope of the regression line. The RII was obtained by using Poisson regression analysis based on the middle value of SEP.

### C) Contribution of cause of death to socioeconomic mortality inequalities

The contribution of cause of death to socioeconomic inequalities in mortality is calculated by figuring out how much the SII of the cause takes up in the SII of the total mortality as a percentage. The formula is given below:

Absolute level of the contribution of the cause of death to total inequalities in mortality =

\[(SII for the relevant cause of death) / (SII of total mortality) ^\*^ 100\]

RESULTS
=======

The distribution of the number of total subjects and deaths by education level is presented in [Table 2](#T2){ref-type="table"}. Among men of both age groups, with the largest number were middle or high school graduates. This was likewise true among women aged 25-44, but among women aged 45-64, those with an elementary education or less comprised the biggest population. For those with an elementary education or less, mortality was higher than in the general population.

The mortality rate in the year 2000-2004 was about 1112 per 100 000 in men aged 25-44 and 5024 per 100 000 in men aged 45-64 ([Table 3](#T3){ref-type="table"}). Mortality in women was lower than in men: 428 per 100 000 for those aged 25-44 and 1872 per 100 000 for those aged 45-64 ([Table 4](#T4){ref-type="table"}). The total mortality rate of both men and women showed a tendency to decrease. Most mortality rates for individual causes of death showed a tendency to decrease, as well.

In the year 2000-2004, the most frequent causes of death were transport accidents, suicide, and liver disease for men aged 25-44, and cerebrovascular disease, liver disease, liver cancer, lung cancer, and stomach cancer for men aged 45-64 ([Table 3](#T3){ref-type="table"}). Mortality caused by suicide continuously increased. For men aged 45-64, the percentage of deaths caused by such diseases as ischemic heart disease, diabetes, and lung cancer had a tendency to increase. The percentage of deaths caused by transport accidents was at its highest in the years 1995-1999.

Among women aged 25-44, suicide, stomach cancer, transport accidents, and cerebrovascular disease were the most common causes of death. In women aged 45-64, the most frequent causes of death were cerebrovascular disease, diabetes, liver cancer, and stomach cancer ([Table 4](#T4){ref-type="table"}). As with men, women\'s suicide mortality rate continuously increased both in absolute terms and as a percentage of all deaths. Mortality from breast cancer and ischemic heart disease also showed a tendency to increase in women aged 45-64. Transport accidents made up a higher percentage of total deaths in 1995-1999 than in the other periods.

The size of socioeconomic mortality inequalities showed different tendencies from the mortality rate. The size of the SII by education level increased among men aged 25-44 and 45-64 and among women aged 45-64 in 1995-1999 compared to the 1990-1994 period, and then it decreased in 2000-2004, but not to the level of 1990-1994. The RII increased the most in the year 1995 -1999 in both men and women aged 25 - 44. However, the RII for both men and women aged 45-64 increased throughout the study period. ([Table 5](#T5){ref-type="table"},[6](#T6){ref-type="table"}).

The diseases with the highest SII in 2000-2004 were (in descending order) liver disease, suicide and transport accidents among men aged 25-44, and liver disease, cerebrovascular disease, transport accidents, lung cancer, and suicide among men aged 45- 64; this order is different from the order of most frequent causes of death ([Table 5](#T5){ref-type="table"}). The diseases with the highest RII were tuberculosis, liver disease, and diabetes in men aged 25-44, and tuberculosis, liver disease, transport accidents and other accidental injuries in men aged 45-64. Among men aged 25- 44, both the SII and the RII of most diseases showed a tendency to be the highest in the years 1995-1999. In the 45-64 age group, the RII showed a tendency to increase most of the time, and the SII for transport accidents, liver disease, and liver cancer was highest in 1995-1999.

In women aged 25 - 44, suicide, cerebrovascular disease, transport accidents, and liver disease had the highest SII, as did cerebrovascular disease, diabetes, transport accidents, liver cancer, and liver disease in women aged 45-64 ([Table 6](#T6){ref-type="table"}). The RII was highest for (in descending order) diabetes, liver disease, tuberculosis, and cerebrovascular disease in women 25-44, and diabetes, transport accidents, cerebrovascular disease, and other accidental injuries in women 45-64. In the older age group, breast cancer disproportionately affected the highly educated, but the absolute size of SII seemed to decrease. Ischemic heart disease in both men and women aged 45-64 also disproportionately affected those with high education in 1990-1994, but after the year 1995 it was more likely to affect those with low education ([Table 5](#T5){ref-type="table"},[6](#T6){ref-type="table"}).

In men 25 - 44, liver disease, suicide, transport accidents, and other accidental injuries, in all three periods, contributed the most to total mortality inequalities by education ([Figure 1](#F1){ref-type="fig"}). In the year 2000-2004, liver disease, cerebrovascular disease, transport accident, lung cancer, and suicide showed a high contribution among men aged 45-64. In 45-64 years old, the contribution of cancer was demonstrated to rise compared to men 25-44. It was stomach cancer in 1990-1994, liver cancer in 1995-1999, and lung cancer in 2000-2004, respectively, which contributed the most. The contributions of suicide, cerebrovascular disease, and ischemic heart disease to total inequalities by education showed a tendency to increase, but that of liver disease and stomach cancer decreased. In men aged 45-64 the contribution of transport accidents to total inequalities increased in 1995-1999 compared to 1990-1994, and then it decreased in 2000-2004.

In 2000 - 2004, the largest contributions to total mortality inequalities came from suicide, cerebrovascular disease, transport accidents, liver disease, and other accidental injuries among women aged 25-44, and among the older group of women, the largest contributions came from cerebrovascular disease, diabetes, transport accidents, liver cancer and liver disease ([Figure 1](#F1){ref-type="fig"}). In 1990-1994 and 1995-1999 the contribution of stomach cancer was higher than that of liver cancer, but the contribution of stomach cancer decreased consistently and was lower than that of liver cancer in 2000-2004. The contribution of suicide, diabetes, and ischemic heart disease has increased. The contribution of cerebrovascular disease and transport accidents was highest in the year 1995-1999. Women, in contrast to men, showed a lower contribution of liver disease to the total mortality inequalities and a higher contribution of cerebrovascular disease. The contribution of stomach cancer was higher in women, and those of liver cancer and lung cancer were higher in men.

DISCUSSION
==========

This study showed that, despite the decrease in Korea\'s national mortality rate, socioeconomic inequalities in mortality by education have not decreased even in absolute terms. The main sources of socioeconomic inequalities in mortality were suicide, accidental injuries (including transport accidents), liver disease, and cerebrovascular disease among both men and women aged 25-44; liver disease, cerebrovascular disease, transport accidents, lung cancer, and suicide among men aged 45-64; and cerebrovascular disease, diabetes, transport accidents, liver disease and liver cancer among women aged 45-64. The contributions of suicide and ischemic heart disease had a tendency to rise, and the contribution of transport accidents was higher in 1995-1999 compared to the other periods.

The RII shows a tendency to increase as the mortality rate decreases, whereas the SII shows the opposite trend \[[@B18]-[@B20]\]. However, the SII is not only related to the mortality rate, but also the size of the RII \[[@B18]\]. Thus, just because the mortality rate decreases, it doesn\'t necessarily follow that the SII decreases; this varies depending on the characteristics of disease epidemics and whether or not there is a strategic effort to decrease the socioeconomic mortality inequalities. This study also found that diseases with high mortality rates and those with a high SII showed different trends. After the year 1990-1994, the national total mortality rate consistently decreased in both men and women, but the increase in relative mortality inequality meant that the absolute mortality inequality didn\'t decrease. This demonstrates that strategic intervention on mortality inequalities is urgent.

The pattern of the contribution of various death causes to socioeconomic mortality inequalities in Korea was different from that of northern or western European countries. The biggest difference involved ischemic heart disease. According to the research of Mackenbach et al. \[[@B14]\], which studied a population aged 30-74, this was the disease with the biggest contribution to total mortality inequalities in Finland, Sweden, and Norway, and it accounted for about 30%. This tendency was found to be similar in western Europe and New Zealand \[[@B10]-[@B12]\]. However, in this study, the percentage that ischemic heart disease contributed to total mortality inequalities was less than 3%. This indicates that any strategic interventions undertaken in Korea to decrease socioeconomic mortality inequalities should be different from those undertaken in other countries.

Korea\'s ischemic heart disease mortality rate, however, is increasing, and the pattern of inequality associated with ischemic heart disease is changing as well \[[@B4]\]. Among both women and men aged 45-64, ischemic heart disease caused higher mortality in those of higher education in the year 1990-1994, but it caused higher mortality-and increased inequality-in those of lower education in the years 2000-2004. Among adults aged 25-44, the inequality was disadvantageous to those of lower education and the size of the inequality also increased. This result is similar to that of Khang et al. \[[@B4]\], and this reflects on the fact that the distribution of risk factors of ischemic heart disease is changing by generalizing the westernized diet in Korea. It is predicted that if this tendency continues, both mortality caused by ischemic heart disease and the inequality associated with it will rise.

Along with ischemic heart disease, suicide was a leading cause of death whose contribution to total mortality inequalities is increasing rapidly. Especially among women aged 25-44 whose SII of total mortality is consistently rising, suicide contributed significantly to the increase in total mortality inequalities. The national suicide mortality rate has been showing a tendency to increase since the early 1990s, with especially noticeable upsurges during the Korea\'s economic crisis of 1998 and during the credit crisis of 2003 \[[@B21]\]. Macroscopic socioeconomic changes can cause changes in mortality rates \[[@B22],[@B23]\]. During this period, not only did the suicide mortality rate increase, but socioeconomic inequality in suicide mortality increased in both relative and absolute terms. This aspect explains the high and increasing contribution of suicide to absolute mortality inequalities and suggests that the aftermath of the negative socioeconomic changes had a greater effect on socioeconomically disadvantaged groups. In some countries that went through similar socioeconomic changes, the suicide rate did not rise, thanks to the social system and policy-related actions \[[@B23]\]. Thus, it is imperative to seek a new direction and appropriate suicide prevention policies.

Transport accidents accounted for 5-10% of total mortality inequalities in 2000-2004. The subjects and research methods of this study were somewhat different from those of previous studies, but considering that research done in the U.S.A. and Sweden \[[@B10],[@B24]\] found that mortality by transport accidents contributed less than 2% to the total mortality inequality, the contribution of transport accidents in Korea seems to be relatively large. Korea ranks third out of 26 countries in accident death rate, and the RII is also large \[[@B26]\] hence, the high SII and high contribution to total inequalities. Inequality in transport accident mortality made a particularly high contribution to total inequalities in the year 1995-1999. This could be seen as a result of a rapid increase in relative inequality in that period, although death rate from transport accidents showed a tendency to decrease afterward. Borreli et al. \[[@B26]\], who studied the relationship between deaths from transport accidents and education level, stated that subjects of lower SEP have more fatal transport accidents because they do not have the financial means to buy new cars, because they rarely use protective gear like a seat belts, and because there is a higher possibility that they live in regions with a higher risk of traffic accidents. However, more studies are needed in order to determine why the RII of national traffic accidents increased so rapidly in 1995-1999, and why it shows a consistent tendency to grow.

Liver disease contributed the most to total SII in men, although it tends to decrease in terms of its contribution to total inequality. The main risk factor for liver disease is hepatitis B and hepatitis C infection. The risk of chronic hepatitis B developing into liver cirrhosis varies according to age, sex, drinking habits, the extent to which the liver is fiberized, the extent to which the hepatitis B is duplicated, whether or not the patient is infected with HCV, HDV, or HIV, etc. \[[@B27]\]. According to the 2009 National Health and Nutrition Survey, the rate of infection with the hepatitis B antigen among Koreans aged 30 and above is 4.5% in men and 3.4% in women. The researchers were unable to determine whether the rate of hepatitis B infection is higher in groups of lower SEP \[[@B28]\]. However, considering studies from other countries \[[@B29],[@B30]\] which have found people of socioeconomically disadvantaged status to have higher rates of infection, studies about inequalities of hepatitis B virus infection according to age in Korea is needed.

Among women, the contribution of cerebrovascular disease and diabetes to total death inequalities was higher than among men. Despite the fact that the absolute death rate from cerebrovascular disease and diabetes is not higher in women than men, the reason its contribution turned to be high is that death rates from liver disease and accidents are relatively low in women compared to men. This gender difference may be explained by the distribution of risk factors for liver disease and accidents. Women are involved in less social activity, there are fewer women who earn their living by driving, most industrial accidents happen to men \[[@B31]\], the infection rate for hepatitis B is lower in women, the heavy drinking rate is much lower in women \[[@B28]\], and so on. All of these differences have an effect on the occurrence rate of liver disease and accidents and their contribution to mortality inequalities.

Diseases such as liver disease, cerebrovascular disease, stomach cancer, and liver cancer, whose contribution to the total mortality inequalities is high in Korea, are known to be diseases whose occurrence in adults is related to exposure to risk factors in childhood \[[@B32]\]. Among people aged 45-64, the contribution of these diseases was about 40%. Other researchers have found that the more living standards improve, the less frequently these diseases occur, and this study bears out that observation as well. However, in order for the decrease in occurrence rate to lead to a decrease in the absolute contribution, there must be an effort to lessen the relative inequality of exposure to the risks during childhood.

Among adults aged 45-64, the contribution of cancer was relatively high. Kim \[[@B33]\] used 2001 cancer registration data to investigate the social differentials in the occurrence and fatality rate of cancer between those receiving free medical care due to poverty and the high-income group. The relative ratio of cancer occurrence was found to be 1.11, but once cancer occurred, the death risk of the former group was 3.09 times higher than that of the latter group. Among Korean cancer patients, income-based inequalities were observed in the use of both outpatient and inpatient medical services, medical fees, and the type of medical facility used \[[@B34]\]. In addition, inequalities in early cancer screening \[[@B35]\] and in the stage at which cancer was diagnosed during screening \[[@B36]\] were reported. All of these inequalities-in particular, the inequalities in medical use-should be given significant weight in the policy-making process.

This research used the SII and RII as tools to measure socioeconomic mortality inequalities. While relative risk ratio or risk difference are comparable between two groups only, the SII and RII can compare three or more groups to make one value index after considering the death rate of each group. And the SII and RII take into account the size of each group population \[[@B37]\].

This study has some limitations. It used unlinked data with the possibility of a numerator-denominator bias. However, according to a study by Kim and Khang \[[@B38]\], when the education level is divided into three categories (elementary school or less, middle or high school graduate, college or higher), the accordance rate was 89.4%, and the kappa value was 0.75, which was considered substantial. Khang et al. \[[@B16]\] reported that the reliability was very high when they divided the population into the three aforementioned categories. Thus, numerator-denominator bias can be presumed to have had little effect on these results. In addition, we tried to minimize the numerator-denominator bias by analyzing death data based on age when the census was taken. Thus, when the number of people who were 25-44 years old in the year 1990 is used as denominator, the numerator was the number of deaths in 1990-1994 among those who were aged 25-44 in the year 1990 only, not in the succeeding years.

This study provides a way to establish priorities in terms of national socioeconomic mortality inequalities policy, and suggests specific and direct evidence. Korea, whose death structure is different from other countries, needs to establish policies on health inequality that consider the current national situation. Unlike Europe, whose policy priority is ischemic heart disease, Korea should give priority to diseases such as accidental injuries, liver disease, and cerebrovascular disease in order to decrease socioeconomic inequality in mortality among Korean adults. For suicide and diabetes, whose contribution to the total inequality is continuously increasing, more aggressive measures should be sought. In order to decrease socioeconomic health inequality, both upstream solutions (for the fundamental root causes of health inequality) and downstream solutions (for risk factors according to the socioeconomic status) are necessary. This research presents data that can be used as grounds for selecting which diseases to concentrate on for downstream solutions. The seriousness of the situation has to be recognized: despite the consistent decrease in the death rate, socioeconomic mortality inequalities by education are not decreasing even in absolute terms. In conclusion, based on the result of this research, Korea should establish policies that have more specific goals and that are more effective in decreasing socioeconomic health inequalities.
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###### 

Causes of death used in this study
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KSCD: Korean Standard Classification of Diseases and Causes of Death. Other external causes of accidental injury \[W00-X59\] include falls, exposure to inanimate mechanical forces, exposure to animate mechanical forces, accidental drowning and submersion, other accidental threats to breathing, exposure to electric current, radiation and extreme ambient air temperature and pressure, exposure to smoke, fire and flames, contact with heat and hot substances, contact with venomous animals and plants, exposure to forces of nature, accidental poisoning by and exposure to noxious substances, overexertion, travel and privation, and accidental exposure to other and unspecified factors.
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Census population and number of deaths by socioeconomic position indicators in men and women aged 25-44 and 45-64
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###### 

Age-adjusted mortality rates per 5 years per 100 000 people and proportions of cause-specific mortality in all-cause mortality among Korean men aged 25-44 and 45-64
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AMR: age-adjusted mortality rate, CI: confidence interval.

###### 

Age-adjusted mortality rates per 5 years per 100 000 people and proportions of cause-specific mortality in all-cause mortality among Korean women aged 25-44 and 45-64
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AMR: age-adjusted mortality rate, CI: confidence interval.
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Slope index of inequality and relative index of inequality in cause-specific mortality by education among Korean men aged 25-44 and 45-64
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SII: slope index of inequality (deaths per 5 years per 100 000 people), RII: relative index of inequality.
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Slope index of inequality and relative index of inequality in cause-specific mortality by education among Korean women aged 25-44 and 45-64
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SII: slope index of inequality (deaths per 5 years per 100 000 people), RII: relative index of inequality.
